Introduction
Most of the time, blood samples must be taken by syringe from radial, humeral or femoral artery in order to measure the arterial blood gas. these blood tests can be also carried out directly through an arterial catheter. the correct way to do a reliable blood test for measuring blood gas is now well established (5, 10) , and must be respected if we are to have trustworthy results. choosing the right equipment is one of the main pre-analytical criteria.
in this work, the blood gasometry results obtained by 3 types of syringes were compared with a sample of 27 patients.
Materials and Methods
Syringes three types of syringe each with a capacity of 3 ml were used:
1. BD (Becton Dickinson) pre-set polypropylene syringes, sterile, single use with a hemogard-type safety cap. the anticoagulant used is lithium heparin at 80 Ui/syringe, saturated with calcium and sprayed on the sides. These syringes are automatically filled by pre-calibration or aspiration. 2. Bayer heparin saturated syringes, made of polypropylene, sterile, for single use and for automatic self-venting sampling with a broad filter. the anticoagulant used is lithium heparin at 70.5 Ui/ syringe, lyophilised, calcium-buffered and saturated. Thanks to the filter cap they can be safely purged and transported. They are automatically filled by precalibration. 3 . Bayer polypropylene sterile single use heparin-reduced syringes for automatic self-venting sampling with a broad filter. The anticoagulant is lyophilised lithium heparin, at 21 Ui/syringe buffered with calcium. Thanks to its filter cap it can be vented and transported safely. They are automatically filled by pre-calibration.
Sampling method
The blood samples were taken by qualified nurses in the anaesthesia department and intensive care unit known as the DAR (B) over a period of 6 days, only on those patients equipped with a catheter. each patient underwent 3 successive blood tests in a very short time and the 3 syringes were carefully homogenised after expelling any eventual air bubbles. So as not to delay the patient's result, the usual type of syringe (BD) for this department was used immediately on a GeM Premier 3000 (laboratory instrument company) brought specially to this department. After expelling the air bubbles and closing the syringe, it was joined together with the 2 others so that a lab technician (lt) could analyse the blood on the oMni S (Roche) blood gas analysers in the Biochemistry laboratory.
Analysers and parameters the blood for each of the 3 syringes was analysed successively and quickly on the oMni S, always in the same order: BD, Bayer with saturated haemoglobin (BS) and Bayer with reduced haemoglobin (BR). these two latter parameters were necessary to calculate the total calcium corrected. The calcaemia corrected using Parfitt's formula (7) allowed us to take into account the modifications of the fraction linked to proteins (albumin was not dosed). corrected calcium could be deduced. the total haemoglobin (hb) was also analysed by spectrophotometry on a Pentra 400 instrument.
ARTERIAL BLOOD COLLECTION FOR GAS AND OTHER ANALYSES. COMPARISON OF RESULTS OBTAINED WITH THREE TYPES OF SYRINGES
The documents the pre-analytical and analytical study were completed by the publication of a certain number of documents including protocols (general study protocol, handling protocols for the nurses at the DAR B, measuring protocols for the blood gas lts, protocols explaining to the lts how to operate the olympus 640 and satisfaction questionnaires for the nurses and lts. 
Statistical analysis

Results and Discussion
Descriptive study Table 2 shows the values obtained per type of syringe for the 12 parameters given by the oMni S and the 3 parameters deduced from measuring the plasma on the AU 640. overall, these results would appear to be comparable with very little variation from one syringe to another. however, the Po 2 is different for the BD syringe (Po 2 = 18.7 kPa) compared with the two others (15.3 and 15.4 kPa). notice that in all three cases, there are concentrations of potassium ions which are very high (around 10 mmol/l) and this is the case with both types of instruments used. Table 4 and for pairs of syringes in Table 5 . The insufficient reliabilities are mainly those for Po 2 , hc0 3 -, Sa0 2 m, and na + and, to a somewhat lesser degree, hb and hte (Table 4) .
the reliability of one syringe compared with the 2 others is not so good for the following cases ( Table 5) :
• BD for hco 3 - Table 6 . the reliability of one syringe compared with the 2 others is very low in the following cases:
• BD for hco 3 We may note that the disagreement between syringes for the variables Sa0 2 m and hb on the oMni S was constant. in order to make a more objective representation of these reliabilities we present a Bland-Altman diagram for the pairs of syringes for ph, P0 2 and Pc0 2 .
other dosage methods using analysers considered as references showed that:
• comparison with the AU 640 shows better reliability for the ion values with the BS and BR syringes; • centrifugation gave haematocrite results which were in closer agreement with the results obtained with the BD syringe; • the Pentra 400 haemoglobin measurements were closer to those of the BD syringes; Answers to the questionnaires were obtained by the nurses who were the same six nurses who had taken the blood samples. Among these:
• 4 preferred the BD syringe;
• 1 preferred Bayer syringes with no distinction; • 1 had no particular preference; the only issue raised was that with the Bayer syringes it was difficult to replace the cap after sampling.
The laboratory technicians who filled in the LT questionnaires were the same 2 blood gas technicians who had done the dosage. they noted that:
• for BD syringes, the analysis was trouble-free with absence of clotting, but the cap was not always airtight when closed; • for the Bayer syringes the analysis seemed easier than the previous one with absence of clotting, however, replacing the cap was more difficult. the interpretation must take into account the fact that the BD syringe had been opened for a first analysis, which may have notably affected certain results particularly for Po 2 (3, 9) in spite of all the precautions taken for the measuring times to be correct (13) . likewise, knowing the total ca corrected only gave an approximate evaluation of ca 2+ (6) . the descriptive study shows no large differences between the values provided by the oMni S, apart from the fact that the Po 2 for BD was higher than the 2 others, which seems normal (because of air getting into the syringe). however, a few results for K + measured on the oMni S were very high (about 10 mmol/l) which suggests strong haemolysis probably at the very time of sampling which is confirmed by the plasmatic K + o measurement on the AU 640.
the statistical analyse for reliability concerned 15 variables (oMni S and AU 640) with 3 tests (2 by 2 syringes). We had to penalise the risk a, as the corrected significance threshold was around 5 % (Bonferroni's correction). this considerably reduced the number of significant differences (4 between BD and BR, 3 between BD and BS and 3 between BS and BR) as the corresponding variables were different between these two latter pairs of measurements.
The paired Wilcoxon test, the Spearman coefficient, the icc and the lin reliability highlighted the fact that:
• BD is different from the two others for hco 3 -, hte, na + and K +
• BS is different from the two others for Po 2 and Sao 2 m • BR is different from the two others for hb the reliability for ions as regards values given by the oMni S and the AU 640 is better with BS and BR. the reliabilities for haemoglobin on the oMni S compared with the Pentra 400 and also haematocrite on the oMni S compared with micro centrifugation (the gold standard method) are better with BD syringes.
the questionnaires did not highlight a clear preference for one type of syringe. the caps of BD syringes were criticised for their lack of air-tightness and Bayer syringes for the difficulty in replacing the cap after sample-taking.
Conclusions
this study showed that the results of certain parameters measured in blood gasometry are statistically different depending on the syringe being used. the variations in Po 2 and Sao 2 m should not be taken into account as these may be due to air getting into the Becton Dickinson syringe (opened for the first analysis) and the time it takes for the Bayer syringe with the reduced haemoglobin which was last tested to go through.
The other parameters specific to blood gases show no significant differences between the 3 types of syringe.
the greatest values which varied were for ions, haemoglobin and haematocrite.
For measuring na + and K + ions, the BS and BR syringes seemed to be the most reliable.
For ca 2+ , in spite of the different concentrations of anti coagulant in the syringes, no significant differences were observed.
For haemoglobin and haematocrite, the Becton Dickinson syringes, which are more highly concentrated in heparin, seemed preferable.
